Ayres-Peres, L., Sokolowicz, C.C. The benthic fauna plays an important role in the trophic web and the nutrient flow of limnetic environments. This work aimed to study the diversity and abundance of the benthic invertebrates in four watercourses in the central region of the state of Rio Grande do Sul, Brazil. Sampling was done seasonally at each site, with a long-handled net at the margins (banks) and streambed, from November 2001 through September 2002. Margalef richness, Shannon diversity and Pielou evenness indices were applied to the data analysis. A total of 58 families and three other major taxa (Hirudinea, Oligochaeta and Copepoda) of invertebrates were identified. The highest values of diversity and abundance were recorded at the margins of the rivers, in the same pattern found in other tropical and subtropical regions. This is the first inventory of benthic invertebrates from central region of Rio Grande do Sul, which will be important for future studies of the diversity and conservation of this fauna, because human alterations of the environment have already begun.
Introduction
Biological diversity means the variability among living organisms from all sources including, inter alia, terrestrial, marine and other aquatic ecosystems, and the ecological complexes of which they are part. This includes diversity within species, between species, and of ecosystems (Anonymous 2000) .
Environmental complexity and high organism diversity are common features of tropical and subtropical ecosystems, both terrestrial and aquatic. Composed of several taxonomic groups associated with diversified substrata, the zoobenthos is one of the least known and studied of aquatic communities (Takeda et al. 1997) .
Faunistic inventories are fundamental activities in studies on biodiversity. Nevertheless, few studies have inventoried the aquatic invertebrates of inland watercourses in southern Brazil. In the state of Rio Grande do Sul (RS), two such studies have been done, one in the Sinos River Basin (Stenert et al. 2002) and the other in Taquara and Tainhas brooks, in the municipal districts of Taquara and São Francisco de Paula, respectively (Bueno et al. 2003) , both in the northeastern part of the state. It is important to cite the pioneering work developed by Kleerekoper (1990) , which was the study of lotic environments of the littoral region of the Rio Grande do Sul.
Several studies of the diversity of the communities of benthic invertebrates of lotic environments, as well as their relationships with abiotic factors, have been carried out in Brazil. The main studies are those realized in the state of São Paulo by Uieda & Gajardo (1996) , Kikuchi & Uieda (1998) , and by Ribeiro & Uieda (2005) ; in the state of Rio de Janeiro, by Baptista et al. (1998 Baptista et al. ( , 2001 , and by Silveira et al. (2006) ; in Minas Gerais, by Galdean et al. (2001) ; in the state of Mato Grosso, the study by Serrano et al. (1998) ; and in Goiás, those by and Bispo & Oliveira (1998) .
In the international context, one can mention the studies developed in New Zealand by Quinn & Hickey (1990) ; in Uruguay by Chalar (1994) ; in France by Bournaud et al. (1996) and Beisel et al. (1998) ; in Ecuador by Jacobsen et al. (1997) ; in Argentina by Fernández et al. (2001) and Miserendino (2001) , and in Norway by Brittain et al. (2001) , among others.
The central region of Rio Grande do Sul State (the Fourth Colony of Italian immigration) contains a remnant of the Atlantic Forest. UNESCO (United Nations Educational, Scientific and Cultural Organization) considers it a Pilot Site of the Biosphere Reserve (Itaqui 2002) . Despite the recognized potential of this region, its zoobenthic communities have never been studied in detail. The present study aimed to analyze the diversity and abundance of benthic macroinvertebrates in the Fourth Colony region, in the municipal districts of Faxinal do Soturno, Ivorá, Nova Palma and Santa Maria (Arroio do Só locality).
Materials and Methods
1 Description of study sites. The sampling sites in central Rio Grande do Sul are characterized in Table 1 . The substratum characteristics described in the table refer both to the margins (banks) and the streambed, because there were no substantial differences between these two regions of the rivers. The vegetation characteristics refer only to the margins.
This region (Figure 1 ) is situated in the transition zone between the Brazilian Meridional Plateau and the Central Depression of Rio Grande do Sul. It consists of flat alluvial plains, low flatlands alongside watercourses, and prairies with varying elevations. According to Pereira et al. (1989) , four topographies can be distinguished in this region: Plateau Top (A), Plateau Edge (B), Prairies of the Peripheral Depression (C) and Alluvial Plains of the Peripheral Depression (D).
2 Sampling. Littoral and deep benthos samples were taken with a long-handled net (0.2 mm mesh size), with a sampling area of 1,200 cm 2 (40 X 30 cm) and 50 cm length (depth). At each locality, sampling was carried out for ten minutes at the margins (banks) and ten minutes in the beds of the watercourses, in a five meter stretch. The net was positioned upright on the streambed and the substrate upstream of the net was disturbed, which pushed the animals together with detritus into the mesh. Along the banks, the net was also introduced under the hanging vegetation, which was shaken to capture the macroinvertebrates (Kikuchi & Uieda 1998 ). The specimens were stained with Rose Bengal (CI-45 440) and fixed in 70% ethanol. In the laboratory, the animals were screened and identified according to appropriate literature sources (Chu 1949; Needham & Needham 1962; Macan 1975; Bond-Buckup & Buckup 1994; Lopreto & Tell 1995) . Identifications were taken to family level whenever possible, because there is a lack of specialized literature for identification of these animals. All specimens were deposited in the Scientific Collection of the Zoology Sector, UFSM (Universidade Federal de Santa Maria) (lots M-BIO: 75-227; 235-252; 269-283; 360-457; 534-563; 574-651; 671-692 and 709-740) .
The richness and diversity of families in the four topographies in central Rio Grande do Sul were determined by computing the index of species richness (or families) (d) (Margalef 1958 ), Shannon Diversity index (H) (Shannon & Weaver 1949) , and evenness index (e) (Pielou 1966) . A t test (Statistica 5.1) was applied to compare the index values found. The values of diversity, richness and equitability were compared between margins and streambeds, considering all sampling locations and each site separately. 
Figure 1. Central region of Rio Grande do Sul State, Brazil, with its cities (1 -10) and the sampling locations (A -D).

Results
A total of 58 families and three other taxa (classes) belonging to 20 orders and three phyla (Mollusca, Annelida, and Arthropoda) were identified at the study sites in the Fourth Colony. Class Insecta was predominant, with 11 orders and 42 families. A total of 32,287 specimens was collected ( Table 2) .
The data pertaining to the richness and diversity indices in the streambed or along the banks are summarized in Figure 2 .
Nova Palma (Site A): In the course of four sampling episodes, 9,077 invertebrates were collected, belonging to 14 orders and 31 families ( Table 2 ). Members of the families Aeglidae (Decapoda) and Acrididae (Orthoptera) were found only at Nova Palma. Along the streambanks, more than 90% of the invertebrates belonged to five families: Baetidae (37.3%), Simuliidae (15.9%), Gripopterygidae (14.7%), Chironomidae (11.5%) and Hydropsychidae (11.1%). The same families were predominant in the streambed, but Simuliidae was the most abundant (37.4%), followed by Gripopterygidae (18.0%), Baetidae (17.7%), Chironomidae (12.6%) and Hydropsychidae (6.9%) ( Table 2) .
Ivorá (Site B): In the Melo Stream, 7,397 animals were collected, belonging to 13 orders and 36 families ( Table 2 ). The abundance of families was greater at the streambanks (33) than in the streambed (24). Members of three families were collected only at this site: Chrysomelidae, Curculionidae and Staphylinidae (Coleoptera). Four families comprised more than 90% of the fauna, both at the margin and in the streambed. The most abundant families along the banks were Chironomidae (55.4%), Simuliidae (13.4%), Baetidae (11.4%) and Hydropsychidae (10.1%); in the streambed, the most abundant families were Chironomidae (54.7%), Baetidae (16.1%), Simuliidae (11.0%) and Hydropsychidae (10.3%).
Faxinal do Soturno (Site C): The total faunal composition at this site was 8,246 animals, distributed in 17 orders and 38 families (Table 2) . At the streambanks, 35 families occurred, and in the streambed, 25 families. The families Planorbidae (Basommatophora), Cymothoidae (Isopoda; fish parasites), Argulidae (Arguloida), Euthyplociidae (Ephemeroptera) and Gerridae (Hemiptera) were found only at this site. Along the streambanks, more than 80% of the animals belonged to five groups: Chironomidae (40.3%), Baetidae (18.3%), Oligochaeta (9.2%), Leptophlebiidae (9.2%) and Tricorythidae (6.1%). In the streambed, the most abundant families were Leptophlebiidae (31.0%), Elmidae (21.7%), Chironomidae (13.2%), Baetidae (9.9%) and Tricorythidae (7.2%).
Santa Maria (Site D): In Vacacai Mirim River Tributary, 7,567 animals were collected, in 20 orders and 42 families. Groups collected only at this site were: Hyriidae (Unionida); Salticidae and Tetragnathidae (Araneae); Copepoda; Trichodactylidae (Decapoda); Eumastacidae (Orthoptera); Cicadellidae, Coccidae, and Delphacidae (Homoptera) and Noteridae (Coleoptera) ( Table 2) . Members of the family Chironomidae were extremely abundant at Santa Maria, representing more than 90% of the invertebrates in the streambed; along the streambanks, chironomids represented 57.7%, followed by Simuliidae (10.6%), Oligochaeta (8.1%) and Hydropsychidae (6.2%).
When all sites were compared to assess for any difference between the banks and streambeds, a significant difference was only found for the Margalef Index (t = 9. 942, p < 0.05), where the banks of the rivers were significantly richer in number of taxa than were the streambeds. Relating each sampling site with its streambanks and streambed, significant differences were as follows: diversity (Shannon) was higher along the banks of the Arroio do Só than in its streambed (t = 0.379, p < 0.05), and richness (Margalef) was higher at the streambanks in Ivorá (t = 4.00, p < 0.05) and Arroio do Só (t = 10.54, p < 0.05). The values of equitability (Pielou) did not vary significantly between the bank areas and streambeds.
When the streambanks in the different locations (four sampling sites) were compared, no differences concerning diversity and equitability were found; however, the bank areas of Vacacai Mirim Tributary (Santa Maria) were richer in number of taxa than those of Caimborá Stream (Nova Palma) (t = -3.91, p < 0.05).
For the streambeds of the sample sites, diversity (t = 4.30, p < 0.05) and richness (t = 0.401, p < 0.05) were both significantly higher in Faxinal do Soturno than in Santa Maria.
Discussion
Although statistical differences were not found (only for richness between the margins of Santa Maria and Nova Palma; also diversity and richness were significantly higher in Faxinal do Soturno than in Santa Maria) among the four analyzed relief units, the Prairie of the Peripheral Depression (Faxinal do Soturno municipal district) showed the greatest diversity.
According to , biological diversity is the result of historical and ecological events, regional as well as local ones. Diversity is generally reduced by destabilization of the ecological system caused by human interference.
Although it showed the highest richness, Santa Maria was the least diverse. This site contained a larger number of individuals from a single family (Chironomidae), which was reflected in the lowest evenness index of all the sites. The higher richness at this site was confirmed by the richness index, using the abundance of the families.
The high richness found at site D reflects the diverse habitats in this region, which has vegetation along the banks above the watercourse, allowing the survival of several taxa adapted to live between the aquatic and terrestrial environments. Also, this site has a sandy substrate, whereas the other areas have rocky substrates. The vegetation hanging over the water can be partly flooded during the rainy season, thus affording new locales for shelter and feeding (Kikuchi & Uieda 1998) . The generally higher abundance of invertebrates along the banks than in the streambed has also been observed in other areas, such as the floodplain of the Paraná River (Takeda et al. 1997 ) and five lagoons in the state of Minas Gerais (Santos et al. 1998) .
Spatial heterogeneity can explain the high diversity and abundance in littoral regions, provided that it confers on these areas several transitional habitats between the land and the water, which can be colonized by both terrestrial and aquatic animals (Takeda et al. 1997) . Transitional habitats can supply a wide variety of resources for food as well as shelter for the aquatic macroinvertebrates. This area, with shrubby bank vegetation, provides an environment that can be often used by groups such as Hemiptera, Homoptera, Lepidoptera and Orthoptera. According to Vinson & Hawkins (1998) , high diversity is related to greater habitat heterogeneity and complexity, and species richness increased with habitat heterogeneity, total abundance increased with food availability, and both equitability and diversity seemed to increase with substrate stability (Beisel et al. 1998) .
Some families were collected in only one locality, such as Aeglidae, found only at Nova Palma. Aegla is an endemic genus in South America (Bond-Buckup & Buckup 1994) that prefers environments with moderate flow in which turbulence favors water oxygenation (Chalar 1994) , such as at Nova Palma.
Ten families were found only at Santa Maria, the locality with the most exclusive families ( Table 2 ). The presence of trichodactylid crabs, which are characteristic of stagnant waters and thin substrates, spiders, and some Homoptera, which live associated with shrubby vegetation along the banks, distinguished this site from the others.
Several families (such as Hyriidae, Mycetopodidae, Acrididae, Eumastacidae, Cicadellidae, Coccidae and Delpachidae) were found at a low frequency; hence it is not possible to state whether they are typical or casual groups in these areas.
According to Hynes (1970) , insects are the most important group in analyzing diversity and abundance in running waters. The results for the Fourth Colony agree with this observation, because 42 families of insects were collected, representing 95% of the sampled communities. The same pattern, with a high abundance of Insecta, was also observed in other studies in southeastern and central-western Brazil, such as in Uieda & Gajardo (1996) , Kikuchi & Uieda (1998) , Serrano et al. (1998) , Bueno et al. (2003) and Ribeiro & Uieda (2005) .
The taxa found in the central region of Rio Grande do Sul comprised a large part of the macrozoobenthos groups which are often cited in the literature as typical of lotic environments (Serrano et al. 1998; Kikuchi & Uieda 1998; Galdean et al. 2001; Bueno et al. 2003; Ribeiro & Uieda 2005) , following the family-level fauna model observed in other regions of Brazil.
In relation to the diversity indices, the data for the four habitats studied were similar to those found in other areas. In the present study, estimated diversities varied from 1.48 at Ivorá to 2.06 at Faxinal do Soturno. , evaluating the diversity of Ephemeroptera, Plecoptera and Trichoptera in an Ecological Park in the state of Goiás, found that diversity varied from 1.00 to 3.80, during the course of the year and at the different sampling points. Fernández et al. (2001) , assessing diversity in six subtropical rivers in northeastern Argentina, also found similar values, with Shannon indices between 1.80 and 2.50. Bueno et al. (2003) obtained diversity values between 1.00 and 2.50. According to Beisel et al. (1998) , structurally complex habitats are expected to sustain more diverse communities than are structurally simple ones.
Comparing the present results for Insecta (the dominant group in continental aquatic ecosystems) with those of Bueno et al. (2003) in the northeast region of Rio Grande do Sul, the central region showed more orders and families than did the northeast region (11 orders and 42 families versus 10 orders and 40 families, respectively). Despite the occurrence of more families, certain families recorded for the northeast region were not found in the central region: Naucoridae and Hebridae (Hemiptera), Hypogastruridae (Collembola), Pyralidae (Lepidoptera) and Leptoceridae (Trichoptera). The family Chironomidae, representing almost 40% of the total insect families, was the most abundant in streambeds as well as along the banks, at nearly all the sites except Nova Palma and in the bed of the Soturno River. In the northeast region, chironomids were also dominant in most samples, with rates varying from 22.24% to 48.92% of the community (Bueno et al. 2003) .
In Nova Palma the families Baetidae and Simuliidae were the most abundant. In the bed of the Soturno River, Leptophlebiidae, an indicator family of organically rich waters (Pérez 1988) , predominated.
Chironomidae figured in more than 67% of the community in Vacacai Mirim Tributary (Santa Maria, site D), possibly because of the substratum characteristics, since a determinant factor for community structure is the type of streambed. This family is nearly always dominant in lotic as well as in lentic habitats, because of its tolerance for adverse situations, such as hypoxia, and its high competitive capacity (Marques et al. 1999; Callisto et al. 2001; Bueno et al. 2003; Ribeiro & Uieda 2005) .
Solid substrates favor those invertebrates which have morphological adaptations to attach or to move about to capture food and to escape from predators. On this type of bottom, mainly rocky substrates, the unevenness can facilitate locomotion and fixation of some invertebrates, by slowing the water current and providing different microhabitats. Soft bottoms favor those organisms adapted to the dominant texture (Takeda et al. 1997) , as in Santa Maria. Bueno et al. (2003) also observed that the heterogeneity of rocky substrate, mainly at Tainhas, supported higher richness and mean diversity of species (for all seasons of the year except summer); whereas at Taquara, the other study point, the sandy substrate limited the distribution of certain families, because of the scarcity of refuges and food.
Of all the sites studied, the Soturno River, with its banks eroded because of the destruction of the gallery forest, is probably the most modified by human activity. However, the highest faunal diversity recorded in this study was found at this site. In agreement with Oliveira & Froehlich (1997) , this can probably be explained by the favoring of the formation of diverse microhabitats, some of them more exposed to the current, with a predominance of pebbles, others having slower currents, with sandy substrate and other sediments.
Brazil possesses a vast hydrographic network, and few surveys of the aquatic entomofauna have been done, mainly because of the difficulty of taxonomic identification of immature forms (Oliveira & Froehlich 1997) . In this context, the present study introduces new information about the invertebrate fauna of the lotic environments of central Rio Grande do Sul. Moreover, it provides a basis for future studies leading to monitoring and to better knowledge of the structure of aquatic communities in the state.
